We describe the clinical course of a patient who developed high-grade lymphoma during immunosuppression treatment with cyclosporine A, following liver transplantation. After anti-neoplastic polychemotherapy treatment, the remission of lymphoma was confirmed and maintained for over four years. The patient, a 27 year old female had liver transplantation at the age of 17, due to acute liver failure, caused by non-diagnosed Wilson disease. Nearly seven years post-transplantation, the patient was diagnosed with non-Hodgkin B-cell lymphoma (NHBCL), potentially induced by Cephalosporin A therapy. After the treatment with rituximab and CHOP therapy (r-CHOP protocol), remission was determined using computer tomography. Remission is maintained to date. A review of reported cases of post-transplant lymphoproliferative disorders (PTLDs) in liver transplanted (LT) patients showed that the onset of PTLDs is the highest in the first year after transplantation. In addition, remission rates of NHBCL in LT patients are not much elaborated in the literature. It is our opinion that the presented case is rare, both from the aspect of timeline of occurrence of the PTLD and the achieved remission, using r-CHOP protocol.
INTRODUCTION

REMISSION OF LATE-ONSET POST-LIVER TRANSPLANTATION NON-HODGKIN LYMPHOMA
Long-term survival of liver transplant recipients is threatened by increased rates of de-novo malignancy and recurrence of hepatocellular carcinoma, both events tightly related to immunosuppression [1] [2] [3] . Post-transplant lymphoproliferative disorders (PTLDs) are a well-recognized and potentially life-threatening morbidity that can occur following the transplantation of allogeneic hematopoietic stem cells and solid organs, including the liver [4, 5] . PTLDs constitute a heterogeneous group of lymphoid lesions, ranging from early lesions and polymorphic PTLDs to monomorphic lymphomas and classical Hodgkin lymphomas [6] . Non-Hodgkin's lymphoma (NHL) can also occur in solid organ transplant recipients, with six-fold higher risk following transplantation, than in the general population [3] .
PTLDs are commonly associated with the administered immunosuppression therapy [2] and Epstein Barr Virus (EBV) infection [7] . However, a substantial minority of PTLDs is not associated with EBV and represents a unique disease entity [8] [9] [10] [11] . In the current literature, the clinical presentation of CASE REPORT 10 .2478/prilozi-2019-0005 EBV-negative PTLDs has not been characterised as well as by EBV-positive cases [7] . Luskin et al (2015) in their study on 176 adult solid organ transplant recipients diagnosed with PTLDs between 1990 and 2013 have identified an increase of proportion of EBV-negative cases [9] , making this group more interesting for study and presentation through case reports. In addition, cyclosporine-induced malignancies have been investigated largely for bone marrow transplantations, kidney and heart transplantations [11, 12] . Several studies have shown that liver transplanted (LT) patients are at increased risk for the development of PTLDs immediately after transplantation [12] [13] [14] . According to literature, mortality rates range from 40-70 percent in patients with solid organ transplants, and NHLs in transplanted patients have a poorer outcome, than other NHLs [15] .
The PTLDs incidence in LT patients is the highest immediately after transplantation [14, 16] . Compared to lymphomas developing in the normal population, PTLDs usually have a more unfavourable histopathological presentation, a more aggressive clinical course, lesser responsiveness to conventional interventions, and a poorer outcome [16] .
The presented case shows late onset of nonHodgkin lymphoma in a liver transplanted patient, with complete remission longer than 4 years post-healing.
CASE REPORT
We report the clinical course of a patient who developed high-grade large B-cell lymphoma during immunosuppression treatment with cyclosporine A, following liver transplantation who underwent anti-neoplastic polychemotherapy treatment, with maintained remission.
The patient, a previously healthy 17 year old Caucasian female was admitted to our department in May 2007 with a mild recurring icterus. Wilson disease was suspected, but initial biochemical analysis showed normal urinary copper and ceruloplasmin levels. Two weeks post-admission, the patient's condition worsened in sepsis and comatose state with bilirubin levels of over 700mmol/L, indicating liver transplantation. Living donor liver transplantation was performed in late June 2007 in the Clinical Hospital Centre Merkur in Zagreb, Croatia.
In the post-operative period, the patient developed portal vein stenosis, a not very common complication of liver transplantation [17] , which was successfully stented and treated with standard dosage of anticoagulant therapy clopidogrel (Zyllt®).
Based on the clinical guidelines, immunosuppression therapy was administered post-transplantation; Cyclosporin A treatment was based on protocol during hospitalisation and early post-transplantation period, with dosages of 2 x 200 mg per day, that were gradually reduced to 2 x 100 mg per day. This treatment protocol was maintained until the diagnosis of non-Hodgkin lymphoma (NHL), when it was reduced to 2 x 50 mg per day for six months and then to 2 x 25 mg per day from April 2016 to date.
Cyclosporine concentration in the blood was regularly monitored. Before the diagnosis of the NHL, the therapy regimen was 200 mg a day, with average cyclosporine blood concentrations of 84.3 ng/ml (range: 66.0-150.1 ng/ml, median: 77.9 ng/ ml). After the diagnosis, when the cyclosporine dosages were reduced to 50 mg per day, the average concentration of cyclosporine was 16.5 ng/ml (range: 7.1-33.2 ng/ml, median: 13.9 ng/ml).
Initial and regular tests for Cytomegalovirus (CMV) and Epstein-Barr virus (EBV) returned with negative results at each testing. This excluded EBV,
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as a reason of NHBCL occurrence, leading to a conclusion that the lymphoma was potentially caused by cyclosporine therapy.
Routine ultrasound controls and blood tests were performed every six months post-transplantation. In all controls the biliary tract, pancreas and kidneys appeared with normal dimensions and function. In one of the controls in late 2013, around seven years after transplantation, a package of intra-abdominal lymph nodes was detected (Fig. 1) .
Histopathological evaluation after fine needle biopsy showed occurrence of NHL (Fig. 2) . The immunohistochemical analysis confirmed diffuse lymphocyte CD20 positivity and negative CD3 staining. Proliferative index of Ki-67 was 50-55%, and bcl-2 suppressor gene was found in 60-65% of lymphocytes. The results inferred presence of large B-cell lymphoma. The patient was referred to the University clinic for haematology and treated with CHOP (cyclophosphamide -1300 mg, doxorubicin -90 mg, vincristine -2 mg, and prednisolone -100 mg p.o. for 5 days) regimen and monoclonal antibody rituximab anti-CD20 (700 mg). After seven cycles of combined therapy, the disease was in complete remission, confirmed with computer tomography of abdomen in late 2014 (Fig. 3) . The patient has been under regular monitoring and has shown no signs of relapse after over four years, since the confirmation of the remission.
DISCUSSION
As part of liver transplantation, immunosuppression is given to prevent graft rejections [18] , and studies have shown that it is associated with a variety of adverse effects [19] and increased risk of infections and malignancy [1, 18] . PTLDs have been reported to occur at a higher rate (8-25%) in heart, lung, intestinal, and multi-organ transplants, compared to incidence rate of 1-5% in kidney and liver transplants [20] . On the other hand, lymphoma in solid-organ transplant recipients represents 21% of all cancer types, as compared with 4% among women and 5% among men in the general population [15] .
Literature describes several risk factors for PTLDs occurrence, among which strong evidence exists for EBV infection and intensity of immunosuppression therapy. EBV seronegativity before transplantation in solid-organ transplant recipients is an important predisposing factor of PTLDs, leading to an increase in risk by a factor of 10 to 75, as compared with the risk among seropositive recipients [21] . A recent review of literature found that the contribution of different immunosuppression agents, such as calcineurin inhibitors (cyclosporine and tacrolimus) or mTOR inhibitors (everolimus and serolimus) is not clear, and that induction therapy plays a major role in the early development of PTLDs, whereas late development is likely to be related to cumulative immunosuppression [15] .
LT patients have the highest incidence of PTLDs immediately after transplantation [14, 16] . Compared to lymphomas developing in the normal population, PTLDs usually have a more unfavourable histopathological presentation, a more aggressive clinical course, lesser responsiveness to conventional interventions, and a poorer outcome [16] . The rarity of this case is also reflected in the fact that of all 23 liver transplanted patients in Macedonia (21 survived), who are registered and monitored for the entire post-transplantation period, this patient is the only one with occurred PTLD, as a possible consequence of the immunosuppression therapy. The described case of late-onset post-transplant lymphoproliferative disorder was successfully treated with complete remission for over four years post-treatment.
CONCLUSION
Long-term effects of general vibration can negatiA review of reported cases of post-transplant lymphoproliferative disorders (PTLDs) in LT patients showed that the onset of PTLDs is the highest in the first year after transplantation. In addition, remission rates of non-Hodgkin lymphoma in LT patients are not much elaborated in the literature. It is our opinion that the presented case is rare, both from the aspect of timeline of the PTLDs occurrence and the achieved remission, using r-CHOP protocol.
